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METHOD OF FORMING A STACKED DEVICE FILLER 

BACKGROUND 

In the manufacture of microelectronic devices, packaging density is 
becoming increasingly important. Stacking of the dice of a multi-processor , 
microelectronic device is one way to improve the packaging density of a 
microelectronic device, Stacked microelectronic devices are typically formed by 

10 stacking two or more wafers with integrated circuitry formed thereon, forming 

bonded wafers, and then dicing the stacked wafers into individual stacked devices. 
FIG. 5 illustrates a stacked microelectronic device 236, which may result from the 
fabrication technique briefly described above. Device 236 comprises a first 
microelectronic die 216 having an active surface 218, and an integrated circuitry 

15 layer 222, which contains integrated circuitry not shown in detail. Typically, the 
integrated circuitry layer is formed to a depth of approxirnately 10 microns, An 
interconnect layer 224 is formed on the die 216, and is illustrated as a plurality of 
Interconnect structures, but may additionally comprise multiple layers of conductive 
traces separated by dielectric material (not shown). The interconnect layer 224 

20 provides routes for electrical communication between integrated circuits, integrated 
circuit components, and external devices, for example. 

Device 236 comprises a second microelectronic die 202, which additionally 
contains an integrated circuitry layer 208 and an interconnect layer 212. The 
25 physical attachment of interconnect layer 224 to interconnect layer 212 may 

electrically interconnect integrated circuitry layer 222 with integrated circuitry layer 
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208. Die 202 may be thinned, prior to dicing, and a plurality of conductive vias 228 
may be formed on the back surface 226 to be in electrical contact with the 
integrated circuitry layer 208, A plurality of solder balls 232 may be formed such 
that one or more solder balls are in electrical contact with one or more vias. 
5 Formation of the plurality of vias 228 and plurality of solder balls 232 may make it 
possible to route input/output signals, power, and ground to and from the integrated 
circuitry layers, for example. 

Typically, thinning of one of the stacked wafers is performed by use of one 
10 or more mechanical and/or chemical processes, such as a polishing process, for . 
example. These processes may cause mechanical stresses in the unsupported : 
portions of the wafer being thinned. Unsupported portions of the wafer may 
include, for example, the areas of the wafer not supported by interconnect 
structures, for exarnple. These mechanical stresses may result in undesirable effects 
15 such as chipping, cracking, or other mechanical damage, which may result in the 
wafer and/or individual stacked devices bejng unusable. A need, therefore, exists 
for a method of forming stacked devices that reduces or eliminates these 
undesirable effects. 



25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as particular embodiments are particularly 
pointed out and distinctly claimed in the concluding portion of the specification. 
5 Embodiments of the claimed subject matter, however, both as to organization and 
method of operation, together with objects, features, and advantages thereof, may 
best be understood by reference to the following detailed description when read 
vyith the accompanying drawings jn which; 

10 FIG. 1 illustrates several phases of formation of a stacked device filler in 

accordance with at least one embodiment; 

FIG. 2 illuistrates several phases of formation of a stacked device filler in 
accordance with at least one embodiment; 

15 . " 

FIG. 3 is a process flow diagram illustrating one method of formation of a 
stacked device filler in accordance with at least one embodiment; 

FIG. 4 is a process flow diagram illustrating another method of formation of. 
20 a stacked device filler in accordance with at least one embodiment; and 

FIG, 5 is an illustration of stacked microelectronic device, as known in the 

art. 
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DETAILED DESCRIPTION 

Embodiments of the claimed subject matter may comprise a method of 
forming a stacked device filler. In one embodiment, a method of forming a stacked .. 
5 device filler comprises forming a material layer between two or more substrates of a 
stacked device, and causing a reaction in at least a portion of the material, wherein 
the reaction may comprise polymerization, and the material layer may be one or a 
. combination, of materials/ such as nonconductive polym materials, for example. 

10 As mentioried previously, during fabrication of a device such as a stacked 

microelectronic device, one or more fabrication processes may cause mechanical 
stress in one or more of the stacked wafers, which may result in physical damage. 
One such fabrication process is a thinning process, typically performed on one of 
the stacked wafers prior to dicing of the wafers into individual stacked devices. As 

15 illustrated in FIG. 5, die 202 is substantially thinner than die 2l6, but die 202 may 
initially be the same thickness as die 216 when initially assembled into stacked 
wafers. For example, both die 202 and die 21 6 may be 700 to 800 microns thick 
prior to dicing and thinning, and die 202 may subsequently be thinned to a 
thickness of 10 to 100 microns, in order to allow for the formation of conductive 

20 vias and provide communications routes for the stacked device, as explained 

previously. During the thinning process, which may comprise chemical mechanical 
polishing (CMP), grinding, or a silicon wet etch, for exarhple, unsupported regions 
between interconnect structures may flex, which may cause portions of the die 202 
to crack or chip. This physical damage to die 202 may reduce or destroy the 
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functionality of the die, and may additionally cause contaminant incursion, resulting 
in damage to other dies on the wafer, for example. 

As will be understood by those of skill in the art, microelectronic wafers 
5 used in one or more of the following embodiments may include any substrate 

capable of having integrated circuitry formed thereon, including silicon, germanium, 
indium telluride, or gallium antimonide, to cite just a few examples. Additionally, it 
will be understood that circuitry formed on substrates such as those described may 
be any circuitry, including circuitry used in central processing units (CPUs), 
10 chipsets, memory or application specific integrated circuits (ASICs). Finally, it wijl 
be understood that the individual dies of devices formed in accordance with one. or 
more of the following embodiments may comprise identical or differing integrated 
circuits, for example. 

15 It is worthy to note that any reference in the specification to "one 

embodiment" or "an embodiment" means that a particular feature, structure, or 
characteristic described in connection with the embodiment is included in at least 
one embodiment of the claimed subject matter. The appearances of the phrase "in 
one embodiment" in various places in the specification are not necessarily all 

20 referring to the same embodiment. 

Numerous specific details may be set forth herein to provide a thorough 
understanding of embodiments of the claimed subject matter. It will be understood 
by those skilled in the art, however, that certain embodiments may be practiced 
25 without these specific details. In other instances, well-known methods, procedures 
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and components have not been described in detail so as not to obscure the 
embodiments of the claimed subject matter. It can be appreciated that the specific 
structural and functional details disclosed herein may be representative and do not 
necessarily limit the scope of the claimed subject matter. 

5 . ; ■ ■ . ■ ■ . 

Referring now in detail to the drawings wherein like parts are designated by 
like reference numerals throughout, there is illustrated in FIG. 1, several phases in 
the formation of a stacked device having a filler, in accordance with at least one 
embodiment, Stacked device 100 comprises two substrates 106, each with a 

10 dielectric layer 108 and interconnect structures 104 formed thereon. Substrates 
106 may comprise semiconductor substrates such as silicon substrates, for 
example, arid may each comprise a portion of a silicon wafer after patterning of 
interconnects and formation of a dielectric layer, for example. Substrates 106 may 
have an active surface 112, and one or more integrated circuitry layers, which may 

15 contain integrated circuitry not shown in detail. Although both are designated 
similarly as substrates 106, the circuitry formed on the substrates 106 may be 
similar or differing, depending on the particular stacked device formed from the 
substrates. 

20 Typically, the integrated circuitry layer is formed to a depth of approximately 

10 microns. Formed on the active surfaces 1 1 2 of substrates 106 are interconnect 
structures 104, which may comprise a plurality of copper structures, for example, 
and although illustrated as a plurality of interconnect structures, they may 
additionally comprise multiple layeris of conductive traces. Interconnect structures 

25 104, which may alternatively be referred to as copper lines, may be raised vyith 
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resjDect to the top surfaces 1 14 of the dielectric layers 108, in at least one 
embodiment. Stacked device 100 may be formed by any number of well-known 
fabrication techniques, but it is important to note that the claimed subject matter is 
not limited in this respect. As shown on stacked device 100, portions of the 
5 substrates 106 may not be structurally supported, and, additionally, the . 
interconnect structures may be exposed, resulting in oxidation, for example, 
depending on the type of material(s) used to form the interconnects. . 

Stacked device 101 illustrates an additional phase in the formation of a filler, 

10 comprising a .first material 1 26. The first material 1 26 may be formed between 

substrates 106, and may be formed on a portion of the top surface 1 14 of at least 
one of the dielectric layers 108, for exaniple. Formation of the first material may be 
performed by any nunnber of methods, but one such method comprises diffusion, 
which may result in a liquid material diffusing into a particular area. Another 

15 method of formation may be mass material transport by capillary action, which may 
result in liquid migrating between substrates. In one embodiment, one side of a 
stacked device, such as opening 1 10, may be at least partially immersed in a first 
material, wherein the first material corpprises a liquid. The first material may migrate 
at least partially between the substrates by capillary action, for example, depending 

20 on particular material properties such as viscosity. Alternatively, the stacked device 
101 may be fully submersed in a first material, and the material may subsequently 
flow between the substrates and be deposited on at least a portion of the exposed 
surfaces of the device, for example. Additional methods of formation are in 
accordance with certain enibodiments, explained in more detail hereinafter. 

25 Numerous materials or combinations of materials may be utilized to form the first 
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material 126. Examples of suitable materials may include, for example, monomers 
or monomer solutions, such as a diisocyanate monomers or diisocyanate end- 
capped compliant oligomers, but any material or combination of materials' that have 
the capability to be formed between two or more substrates of a stacked device, 
5 and/or exhibit desirable material properties for the purposes described herein may be 
used in at least one embodiment. 

Stacked device 103 illustrates, an additional phase of formation of a stacked 

device filler, comprising a second material l 28. As shown on stacked device 103, a 

10 second material 128 is formed such that it is in contact with at least a portion of 
the first material 126. Forming the second matierial such that the rriaterial is in 
contact with at least a portion of the first material may caus^ a reaction, such as 
polymerization, which may produce outgassing within a polymer matrix, creating a 
polymer foam, for example, such as a polystyrene, polyester, or polyurethane. The 

15 foam material may serve as a filler material providing structural support and/or 
insulation to the stacked device. Forming of second material 1 28 may comprise a 
number of methods, but diffusion or material injection are two examples. 
Additionally, device 103 may he submersed in a material such as a second material, 
wherein the second material comprises a liquid. Submersion may cause the second 

20 material 128 to flow at least partially between the substrates and come in contact 
with the first material 126. Numerous techniques may be used to deposit a second 
material, and similarly, numerous materials may be used as a second material. 
Examples of suitable materials may include, for example, water, hydroxyl end- 
capped oligomers, carboxylic acid end-capped polymers, or one or more gases. It is 

25 important to note, however, that the material or combination of material used as a 
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second material are not limited to these examples, but may comprise any material(s) 
that are capable of initiating a reaction, such as polymerization, and causing a filler 
material to be formed, and will depend at least in part on the composition of first 
material 126. 

Stacked device 105 illustrates an additional phase of formation of a stacked 
device fijler. Device 105 illustrates a fill material 130, formed at least in part fronri a 
combination of first material 1 26 and second material 1 28. The material 
composition of fill material 130 may vary depending on the material or combination 

10 of materials used as the first and second material. Fill material may be a byproduct 
of a reaction between the first material and the second material. For example, if a 
diisocyanate material is used as the first material, water may be used as a second 
material, resulting in the formation of a polymer foam as the fill material 130. 
Similarly, a diisocyanate monomer may be used as first material 126, and may be 

15 diffused between the. substrates 106, A carboxylic acid end capped polyester may 
then be deposited on a portion of the first material 1 26, which causes a reaction 
resulting in the production of polymer foam. Additional reactions or material 
combinations may be used to form fill material 130, and specific embodiments may 
be described in more detail hereinafter. 

20 

In an alternative embodiment, a second material 128 is not used to cause a 
reaction and result in the production of a fill material 130, but only a first material 
126 may be deposited between the substrates 106. Depending on the material or 
combination of materials used as a first material 126, a reaction may be caused by 
25 heating the first material, or may be caused by introducing the material to a lower 
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pressure, such as ambient pressure, for example, in this embodiment, a polymer 
material, such as polystyrene, may have a gas such as nitrogen gas dissolved 
substantially within the polystyrene at a pressure greater than ambient, such as 1-2 
times greater. This gas may be referred to fis a blowing agent. The polymer material 
5 may be formed at least partially between two pr more substrates, while the 
pressure greater than ambient. Once formation is substantially complete, the 
pressure may be allowed to return to ambient, and the bipwing agent will expand, 
creating a polymer foam. As. an additionaLexample of this alternative ernbodiment, a 
blowing agent such as p-toluenesulfonyl semicarbazide may be formed between the 
10 substrates 106, and subsequently heated to a particular temperature until a reaction 
occurs in at least a portion of the blowing agent. Additionally, a combinatipn of a 
first and second material, and a heating process or introduction to a gas may be 
used in other alternative embodiments. ' 

15 FIG. 2 illustrates several phases of formation of a stacked device filler in 

accordance with an additional embodiment. Illustrated in FIG. 1 is device 107; 
which may comprise a substrate 106 vyith a dielectric layer 108 and a plurality of 
interconnect structures formed thereon. Similarly to the substrates illustrated in 
FIG.1, substrate 106 may comprise semiconductor substrate such as silicon 

20 substrates, for example, and may comprise a portion of a silicon wafer after 
patterning of interconnects and formation of a dielectric layer, for example. 
Substrate 106 may have an active surface 1 12, and one or more integrated circuitry 
layers, which may contain integrated circuitry npt shown in. detail. Interconnect 
structures 104, which may alternatively be referred to as copper lines, rnay be 

25 raised with respect to the top surface 1 14 pf the dielectric layer 108. 
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Device 109 illustrates an additional phase of formation of one embodiment of 
a stacked device filler. Device 109 comprises a substrate 106, and a dielectric layer 
top surface 1 14 with a material layer 1 18 formed thereon. The material layer 1 18 
5 may comprise a number of materials or combination of materials, but in two 

particular embodiments, the material layer may comprise a polymer material, or a . 
polymer rnaterial and a blowing agent in combination. Methods of forming a material 
layer on the dielectric layer top surface may vary, depending, at least in part on the 
material(s) used as the material layer 118, but one particular method comprising . 
10 spin coating the material layer 1 18 on the dielectric layer top surface to a thickness 
greater than the thickness of the exposed portions of the interconnect structures 
104, for example. Numerous additional methods of forming a material layer 118 are 
in accordance with varying embodiments, as will be explained in more detail 
hereinafter. , 

15 

Devices 1 1 1 comprise two devices such as device 109, which may have 
been formed by use of one or more similar or differing methods, such as those 
described herein. As shown in devices 1 1 1 , a portion of the material layers 118 
have been selectively removed, in order to exppse at least a portion of the 

20 interconnect structures 104. Depending at least in part on the material(s) used as a 
material layer 118, removal may be a selective removal, and may be accomplished 
by use of a variety of methods, and may depend at least in part on the type of 
material or combination of materials used to form the material layer 118. Examples 
of such methods of removal may comprise a chemical mechanical polishing process 

25 (CMP), which comprises the use of one or more chemicals and one or more 
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mechanical processes in order to remove particular portions of a layer of material, 
for example, or a dry etching process, such as reactive ion etching (RIE), although 
numerous other methods of removal exist, including grinding or spin etching. The 
material layer 1 18 may be selectively removed, or polished back, such that at 
5 substantial portion one or rnore of the interconnect structures 104 are exposed, and 
in one particular embodiment, the material layer may be polished back such that the 
top surface of the material layer is slightly lower than the top surface of one or 
more interconnect structures 104, for example, 

10 Stacked device 1 13 illustrates two substrates each with a dielectric layer, a 

plurality of interconnect structures and a fill material 132 formed therebetween. The 
two substrates 1 06 may be aligned such that the interconnect structures are 
substantially opposing. The interconnect structures 104 may then be placed in 
physical contact, and may subsequently be bonded, and this may be a result of 

15 material creep, for example. In one embodiment, the interconnect structures may be 
bonded by elevating the temperature of the structures, although, of course, the 
claimed subject matter is not so limited. After bonding of the interconnect 
structures, a reaction may be caused in the two material layers shown formed on 
devices 1 1 1, which may produce fill material 132. The reaction may be a result of 

20 introducing a reactant to the material layers, such as by diffusing a material 

between the material layers. Additionally, no material may be introduced, but a 
reaction may be caused. by elevating the temperature of the material layers, or by 
introducing a gas to the material layers, for example. Methods of forming the fill 
material 1 32 may vary, and will be explained in more detail hereinafter. In one 

25 exemplary embodiment, the material layers 1 18 may be formed a polymer precursor 
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with an incorporated blowing agent, and the material layers 1 1 8 may be heated to a 
particular temperature after formation, selected such that it results in causing an 
outgassing within a polymer matrix, resulting in the production of a polymer foam 
incorporated between the substrates 106. 

FIG. 3 illustrates a process flow diagram illustrating the processes used to 
form a stacked device with an underfill in accordance with at least one 
embodiment. The flowchart 139 illustrated in FIG. 3 may be used to substantially 
perform the phases of formation illustrated in FIG. 1 , for example, although the 
process flow is not limited in this respect, and the order in which the functional 
blocks are presented do not necessarily limit the claimed subject matter to any 
particular order, and several intervening functional blocks may be used within the 
scope of the claimed subject matter. In this embodiment, one or more substrates 
with exposed structures are formed at functional block 1 40; the one or more 
substrates are assembled into a stacked device at functional block 142; a first 
material is formed between the substrates at functional block 1 44; a second 
material is formed between the substrates at functional block 146; and the stacked 
device is finished at functional block 148. 

In one embodiment, at functional block 140, formation of one or more 
substrates with exposed structures may comprise forming a substrate with a 
plurality of interconnects, which may comprise a silicon wafer, for example, 
wherein the silicon wafer may have an active surface with one or more layers of 
circuitry bonded to the interconnects, for example, and the circuitry may comprise a 
CPU, ASIC, or an Intel StrataFlash® memory device, for example. Many methods of 
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formation oif a substrate such as described exist, and the claimed subject matter is 
not limited in this respect. A substrate such as illustrated as part of stacked device 
100 of FIG. 1 may be formed by use of one or more of these well-known methods, 
for example. 

In one embodiment, at functional bipck 142, assembly of the stacked device 
may comprise placing two or more substrates formed at functional block 140 into 
physical contact, where the interconnect structures are typically in physical contact. 
Numerous methods of assembly of a stacked device may be used, including 
alignment and bonding of interconnect structures, as described previously, but the 
claimed subject matter is not limited to any particular method of assembly. 

In one embodiment, at functional block 144, forming a first material may 
comprise one or more deposition processes that result in the depositing of one or 
more layers of a material or combination of materials on a substantial portion of a 
substrate. However, numerous additional methods exist, including diffusion, 
material injection, one or more spray processes, or submersion of the stacked 
device, for example, and may include any method resulting in the formation of a 
first material between at least a portion of two or more substrates of a stacked 
device. It is additionally important to note that methods of formation may depend at 
least in part on the material or combination of materials used to form the first 
material, Materials may include, for example, diisocyanates such as diisocyanates 
monomers or a diisocyanate end-capped compliant oligomer, or blowing agents such 
as p-toluenesulfonyl semicarbazide, for example. In one particular embodiment, a 
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portion of a stacked device may be immersed in a solution containing diisocyanate 
monomers, and the solution may diffuse at least partially between the substrates. 

In one embodiment, at functional block 146, forming a second material may 
5 comprise one or more deposition processes that result in the depositing of one or 
more layers of a material or combination of materials on a substantial portion of a 
the first material formed at functional block 144. However, numerous additional 
methods exist, including diffusion, material injection, one or more spray processes, 
or submersion of the stacked device, similarly to the formation of the first layer. It is 

10 important to note that methods of formation may depend at least in part on the 

material or combination of materials used to form the second material, and may also 
depend at least in part on the material or combination of materials used to form the 
first material. Materials suitable for use as a second layer in particular embodiments 
may include, for example, water or carboxylic acid end-capped polyester, but may 

15 include any material or combination thereof that causes a reaction, such as 

polymerization, in at least a portion of the first material, resulting in the production 
of a fill material, for example. Additionally, as stated previously, in an alternative 
embodiment, a reaction may be caused in the first material by elevating the 
temperature of the first material, in which case a second material would not be used 

20 to cause a reaction and produce a fill material, 

In one embodiment, at functional block 148, finishing of the material layer 
may comprise subjecting the material layer to one or more curing processes, which 
may entail introducing the substrate with the material layer formed thereon to an 
25 elevated temperature for a particular period of time, Methods used for curing may 
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vary, and depending on the material(s) used to form the material layer, no curing 
process may be performed, for example. Additionally, one or more finishing 
processes may include a removal of excess material, such as excess material used 
to form the fill material, for example, Methods of removal may depend on the 
5 composition of the fill material, but may include grinding, chemical mechanical 
polishing, or dry etching, as just a few examples. 

FIG. 4 illustrates a process flow diagram 1 59, illustrating the proces3es used 
to form a stacked device filler in accordance with at least one embodiment. The 

10 flowchart 159 illustrated in FIG. 4 may be used to substantially perform the phases 
of formation of a stacked device as illustrated in FIG. 2, for example, although the 
order presented does not infer a particular order nor limit the process flow to just 
these discrete functions. In this embodiment, one or more substrates with exposed 
structures are formed at functional block 160; a material layer is formed at 

15 functional block 162; the material layer is polished back at functional block 164; 
two or more substrates are bonded at functional block 166; a reaction is caused in 
the material layer at functional block 168; and the stacked device is finished at 
functional block 1 70. 

20 In one embodiment, at functional block 1 60, formation of one or more 

substrates with exposed structures may comprise forming a substrate with a 
plurality of interconnects, which may comprise a silicon wafer, for example, 
wherein the silicon wafer may have an active surface with one or more layers of 
circuitry bonded to the interconnects, for example, and the circuitry may comprise a 

25 CPU, ASIC, or a memory device, for example. Many methods of formation of a 
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substrate such as described exist, and the claimed subject matter is not limited in 
this respect. A substrate such as illustrated as phase 100 of FIG. 1 may be formed 
by use of one or more of these well-known methods, for example. 

5 In one embodiment, at functional block 1 62, depositing a material layer may 

comprise one or more deposition processes that result in the depositing of one or 
more layers of a material or combination of materials on a substantial portion of a 
substrate. Such materials may include compliant materials including polyniqrs, or a 
polymer material in combination with a blowing agent, for example. Methods of 

10 depositing the material layer may include, for example, spin coating, dip coating, or 
spray coating, for example, and may depend at least in part on the material or 
combination of materials used to form the material layer. In one embodiment, the 
material layer may comprise a polymer, and may be spin coated to a depth at least 
as great as the thickness of the exposed portion of the interconnect structures 

15 formed at functional block 160. 

In one embodiment, at functional block 164, polishing back the material layer 
may comprise selective removal of the material layer by use of one or more 
mechanical and/or chenriical processes, such as dry etching or a chemical 

20 mechanical polishing process, for example. Methods used for polishing back may 
depend at least in part on the composition of the material layer, and may comprise 
multiple processes, for example. The material layer, in one embodiment, may be 
selectively removed such that the top surface of one or more interconnect 
structures are exposed, for example, in order to allovy for bonding of the 

25 interconnects to other substrate interconnects, in one embodiment, a portion of a 
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layer of polymer may be selectively removed by using a chemical mechanical polish, 
which removes a portion of the polymer layer until the layer is slightly recessed in 
reference to one or more interconnect structures formed on the substrate, for 
example. 

5 

In one embodiment, at functional block 1 66, bonding the substrates, in one 
embodiment, may comprise placing these interconnect structures into physical 
and/or electrical contact, and may comprise application of pressure, and or an 
elevation of temperature to complete the bonding process. The stacked device 
10 formed by use of the process as described above may be used as a stacked device 
with an underfill, for example. 

In one embodiment, at functional block 168, a reaction may be caused in at 
least a portion of the material layer formed at functional block 162. The method or 

15 material used to cause a reaction will depend on the type of material or combination 
of materials used to form the material layer, but may include introducing a gas to 
the material layer, introducing a liquid to the material layer, or elevating the 
temperature of the substrate and material layer, for example. In one particular 
embodiment, a polymer in combination with a blowing agent may have been formed 

20 on the substrate, and then polymerization and outgassing may be induced by 

elevating the temperature of the substrate, for example, resulting in the production 
of a fill material, 

In one embodiment, at functional block 170, finishing of the material layer 
25 may comprise subjecting the material layer to one or more curing processes, which 
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may be introducing substrate with the material layer formed thereon to an elevated 
temperature for a particular period of time. Methods used for finishing may vary, 
and depending on the material(s) used to form the material layer, may or may not be 
needed, and may comprise removing excess fill material after a reaction has taken 
place, for example. 

It can be appreciated that the embodiments may be applied to the formation 
of any stacked device filler. Certain features of the embodiments of the claimed 
subject matter have been illustrated as described herein, however, many 
modifications, substitutions, changes and equivalents will now occur to those 
skilled in the art. Additionally, while several functional blocks and relations between 
them have been described in detail, it is contemplated by those of skill in the art 
that several of the operations may be performed without the use of the others, or ' 
additional functions or relationships between functions may be established and still 
remain in accordance with the claimed subject matter. It is, therefore, to be 
understood that the appended claims are intended to cover all such modifications 
and changes as fall within the true spirit of the embodiments of the claimed subject 
matter. 
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